data supplied from said modulation 



WHAT IS CLAIMED IS: 

1 . A data recording apparatus for recordmg ita on a recording medium, comprising: 
\ modulation encoding means for appl> !ng predetermined modulation encodmg 

Ito input data; and 

interleaving means for interleaving 
encoding means for re-arraying the data secLence. 

2. The data recording apparatus accordinglo claim 1 further comprising: 
precoding means for filtering data slpplied from said interleavmg means to 

compensate for channel characteristics. I 

3. The data recording apparatus accordinj ; to claim 1 further comprising: 
error correction coding means for app 



data; 



said modulation encoding means 



ying error correction coding to the input 



modulation encoding the data supplied from 



said error correction coding means. 

4. The data recording apparatus according to claim 1 wherein said modulation 



encoding means encodes input data in acc 



rdance with a constraint condition. 



5. The datarecording apparatus according to claim 4 wherein said interleaving means 
interleaves data encoded by said modulat, >n encoding means so that said constrain, 

condition is satisfied. 

recording apparatus according to claim 4 wherein said modulation 



6. The data 



encoding means 



encodes the input data b f block modulation 
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7. The data recording apparatus according to claim 6 wherein said tnterleaving means/ 
interleaves data encoded by said modulation encoding means in terms of a modulatj/n 

encoding block as a unit. / 

8. The data recording apparatus according to claim 4 wherein said modulation 
encoding means encodes input data in accordance with a trellis conforming to said 

constraint condition. / 

9. The datarecording apparatus accordmg to clahn 8 wherein saidymerleaving means 

interleaves data encoded by said modulation encoding means in/rms of a modulation 
encoding block of said trellis as a unit. / 

10. The data recording apparatus according to claim therein data is recorded on 
said recording medmm in a magnetic, optical or magneto-optical system. 

11. A data recording method for recording data or/ recording medium, comprising 
the steps of: 

applying predetermined modulation encoding to input data; and 
interleaving the modulation-encod€d data supplied from said modulation 
encoding step for re-arraying the data sequence. 

12. The data recording method acc/ding to claim 1 1 further comprising: 

filtering the interleaved m/ulation-encoded data to compensate for channel 

characteristics. 

13. The data recording n/thod according to claim 1 1 wherein said input data is 
error correction coded dap. 
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14. The data recording method according to claim 1 1 wherein said step of applying 
encodes input data in accordance with a constraint condition. 

15. The data recording method according to claim 14 wherein said stejS of 
interleaving interleaves the modulation-encoded data so that said constraint condition 
is satisfied. 

16. The data recording method according to claim 14 wherein said ste^f of applying 
encodes the input data by block modulation. 

17. The data recording method according to claim 16 wh^fein said step of 
interleaving the modulation-encoded data in terms of a modulation encoding block as 
a unit. 

18. The data recording method according to claim 14 whdrein said step of applying 
encodes input data in accordance with a trellis confonrdn^to said constraint condition. 

19. The data recording method according to claim 18 wherein said step of 
interleaving interleaves the modulation-encoded <|ata in terms of a modulation 
encoding block of said trellis as a unit. 

20. The data recording method according to claim 1 1 wherein data is recorded on 



/ 



said recording medium in a magnetic, optical or magneto-optical system. 



21. A data reproducing apparatus for reproducing data recorded by a recording 
equipment for recording data on a recording medium, the recording equipment 
including modulation encoding mean/ for applying predetermined modulation 
encoding to input data and first interleaving means for interleaving data supplied from 




said modulation encoding means for re-arraying the data sequence, said data 
reproduction apparatus comprising:; 

deinterleaving means for interleaving reproduced data in its sequence suclyks 
to restore the sequence of data bits re-arrayed by said first interleaving means p the 
bit sequence of the data as encoded by said modulation encoding means; 

modulation decoding means for modulation decoding the data sullied from 
said deinterleaving means; and 

second interleaving means for interleaving data corresponding to a difference 
between data output by said modulation decoding means and dsfta output by said 
deinterleaving means, based on the same interleaving position mformation as that of 
said first interleaving means, for re-arraying the sequence ofiffhe difference data. 

22. The data reproducing apparatus according to claim 2 /wherein said modulation 
decoding means is fed with a soft input signal and outputs a soft output signal. 

23. The data reproducing apparatus according to cmim 21 wherein said recording 
equipment includes precode means for filtering data supplied from said first 
interleaving means to compensate for channel characteristics, and the data reproducing 
apparatus further comprising: 

channel decoding means for decodi^ the channel response; 

24. The data reproducing apparatus apcording to claim 23 wherein said channel 
decoding means is fed with a soft input signal and effects soft output decoding. 

25. The data reproducing apparatus according to claim 23 wherein said channel 
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decoding means is fed with a soft input signal and effects soft output decoding based 
on a trellis corresponding to the channel response. 

26. The data reproducing apparatus according to claim 24 wherein said deinterleavlng 
means interleaves data corresponding to difference between the data output by said 
channel decoding means and data output from said second interleaving memis; 

decoding being iteratively performed between said modulation deciding means 
and said channel decoding means. 

27. The data reproducing apparatus according to claim 26 wherein said recording 
equipment includes error correction encoding means for erroi^ correction encoding 
input data to supply the resulting data to said modulation encoding means, and the data 
reproducing apparatus further comprising; 

error correcting soft decoding means for soft deeding the error correction code 
of the soft input signal corresponding to soft output d^ta obtained by said modulation 
decoding means as a result of iterative decoding. 

28. The data reproducing apparatus according to claim 21 wherein said modulation 



encoding means encodes the input data in accordance with a constraint condition; 

said modulation decoding means .effecting decoding conforming to said 



constraint condition. 



29. The data reproducing apparatus according to claim 28 wherein said first 
interleaving means interleaves data,encoded by said modulation encoding means. 

30. The data reproducing apparatus according to claim 28 wherein said modulation 
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encoding means encodes the input data by block modulation. 

31. The data reproducing apparatus according to claim 30 wherein said modulation 
decoding means includes likelihood calculating means for calculating the livelihood 
value corresponding to each output codeword output by said modulatigp encoding 
means, wherein 

the posterior probability information as a soft decision value for an input bit to 
said modulation encoding means and an output bit from said modulation encoding 
means being calculated using said likelihood value as calculated by said likelihood 
calculating means. 

32. The data reproducing apparatus according to claim 3 r 0 wherein said modulation 
decoding means effects decoding based on a trellis corresponding to said constraint 
condition. 

33. The data reproducing apparatus according to claim 30 wherein said first 
interleaving means interleaves data encoded withblock modulation by said modulation 
encoding means in terms of a modulation encoding block as a -unit. 

/ 

34. The data reproducing apparatus according to claim 28 wherein said modulation 
encoding means encodes input data in accordance with said trellis conforming to said 
constraint condition; 

said modulation decoding means effecting decoding based on a trellis 

/ 

conforming to said constraint condition. 

35. The data reproducing apparatus according to claim 34 wherein said first 
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interleaving means interleaves data encoded by said modulation encoding means in 
terms of a modulation encoding block of said trellis as a unit. 

36. The data reproducing apparatus according to claim 22 wherein said modulation 
decoding means effects soft output decoding based on the BCJR algorithm or^on the 
SOVA algorithm. 

37. The data reproducing apparatus according to claim 21 wherein data^is recorded 
on said recording medium by a magnetic, optical or magneto-opticaL&ystem. 

38. A data reproducing method for reproducing data recorded by according method 

for recording data on a recording medium including a modulation encoding step of 

/ 

applying predetermined modulation encoding to input data ancra first interleaving step 
of interleaving data encoded in said modulation encoding srep, for re-arraying the data 
sequence, said data reproduction method comprising the steps of: 

deinterleaving the input data in its sequence such as to restore the sequence of 
data bits re-arrayed by said first interleaving step to the bit sequence of the data as 



ste^tc 



encoded by said modulation encoding step; 

modulation decoding the data supplied from said step of deinterleaving; and 
interleaving data corresponding to a difference between data decoded in said 
modulation encoding step and data re-arrayed in said step of deinterleaving, based on 
the same interleaving position information as that of said first interleaving step, for re- 
arraying the sequence of the difference data. 

39. The data reproducing method according to claim 38 wherein said step of 
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modulation decoding is fed with a soft input signal and outputs a soft output signajr 

40. The data reproducing method according to claim 38 wherein said recording 
method includes a precode step of filtering data supplied from said first interleaving 
step to compensate for channel characteristics, and the data reproducing method 
further comprising: 

channel decoding the channel response. 

4 1 . The data reproducing method according to claim 40 wherein said step of channel 
decoding is fed with a soft input signal and effects soft oujput decoding. 

42. The data reproducing method according to clauxi^^wherein said step of channel 
decoding is fed with a soft input signal and effects^soft output decoding based on a 
trellis corresponding to the channel response. 

43. The data reproducing method accordirfg to claim 41 wherein said step of 
deinterleaving interleaves data corresponding to difference between the data decoded 
in said step of channel decoding and datape-arrayed in said step of interleaving; 

decoding being iteratively performed between said step of modulation decoding 
and said step of channel decoding. 

44 . The data reproducing method according to claim 43 wherein said recording method 
includes an error correction encoding step of error correction encoding input data to 



supply the resulting data to said modulation encoding step, and the data reproducing 
method further comprising: 

soft decoding the/^rror correction code of the soft input signal corresponding 
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to soft output data obtained by said modulation decoding step as a result of iterative 
decoding. 

45: The data reproducing method according to claim 38 wherein said modulation 
encoding step encodes the input data in accordance with a constraint condition; 

said step of modulation decoding effects decoding conforming to sai^r constraint 
condition. 

46. The data reproducing method according to claim 45 wherein sai#first interleaving 
step interleaves data encoded by said modulation encoding step $o that the constraint 
condition is satisfied. 

47. The data reproducing method according to claim 45/wherein said modulation 
encoding step encodes the input data by block modulation. 

48. The data reproducing method according to /laim 47 wherein said step of 
modulation decoding includes a likelihood calculating step of calculating the likelihood 
value of each output codeword generated and$>utput by said modulation encoding 
step; 

the posterior probability information as a soft decision value for an input bit to 
said modulation encoding step and an Output bit from said modulation encoding step 
being calculated using said likelihood^value as calculated by said likelihood calculating 
step. 

49. The data reproducing method according to claim 47 wherein said modulation 

" / 

decoding step effects decoding based on a trellis corresponding to said constraint 
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condition. 

50. The data reproducing method according to claim 47 wherein said fn 
interleaving step interleaves data encoded with block modulation by said modulation 
encoding step in terms of a modulation encoding block as a unit. 

51. The data reproducing method according to claim 45 wherein satfi modulation 
encoding step encodes input data in accordance with the trellis c^mfonning to said 
constraint condition; 

said step of modulation decoding effects decoding bas^cl on a trellis conforming 
to said constraint condition. 

52. The data reproducing method according to claim 5 /wherein said first interleaving 
step interleaves data encoded by said modulation encoding step in terms of a 
modulation encoding block of said trellis as a imit. 

53. The data reproducing method according to claim 39 wherein said step of 

/ 

modulation decoding effects soft output encoding based on the BCJR algorithm or on 
the SOVA algorithm. 

54. The data reproducing method according to claim 38 wherein data is recorded on 
said recording medium by a magnetic, optical or magneto-optical system. 





55. A data recording and renpoducing apparatus for recording and reproducing data 
for a recording medium, sara apparatus comprising 



modulation encoding means for applying predetermined modulation encoding 
to input data; 
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first interleaving means for interleaving data supplied from said modulation 
encoding means for re-arraying the data sequence; 

deinterleaving means for interleaving reproduced data in its sequence such 
to restore the sequence of data bits re-arrayed by said first interleaving means tythe 
bit sequence of the data as encoded by said modulation encoding means; 

modulation decoding means for modulation decoding the data sullied from 
said deinterleaving means; and 

second interleaving means for interleaving data corresponding to a difference 
between data output by said modulation decoding means and^data output by said 
deinterleaving means, based on the same interleaving positkm information as that of 
said first interleaving means, for re-arraying the sequencepf the difference data. 

56. The data recording and reproducing apparatus according to claim 55 wherein said 
modulation decoding means is fed with a soft input^gnal and outputs a soft output 
signal. 

57. The data recording and reproducing apj^ratus according to claim 55, further 
comprising: 

precode means for filtering data supplied from said first interleaving means to 

/ 

compensate for channel characteristics, and 

channel decoding means foi^aecoding the channel response. 
5 8 . The data recording and reproducing apparatus according to claim 5 7 wherein said 
channel decoding means is with a soft input signal and effects soft output 
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decoding. 

59. The data recording and reproducing apparatus according to claim 57 wherein said 
channel decoding means is fed with a soft input signal and effects soft output decoding 
based on a trellis corresponding to the channel response. 

60. The data recording and reproducing apparatus according to claim 58 where*?! said 
deinterleaving means interleaves data corresponding to difference between the data 
output by said channel decoding means and data output from said sec^S interleaving 
means; 

decoding being iteratively performed between said modjdation decoding means 
and said channel decoding means. 

6L The data: recording and reproducing apparatus^cording to claim 60 , further 
comprising: 

error correction encoding means foyCrror correction encoding input data, 
wherein said modulation encoding means/nodulation encodes data supplied from said 
error correction encoding means; anc 



error correcting soft decoding means for soft decoding the error correction code 
of the soft input signal corresponding to the soft output data obtained by said 
modulation decoding meansas a result of iterative decoding. 

62. The data recording^! reproducing apparatus according to claim 55 wherein said 
modulation encoding means encodes the input data in accordance with a constraint 
condition 
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said modulation decoding means effects decoding confonning to said constraint 
condition. > 

63. The data recording and reproducing apparatus according to claim 62 wherein^aid 
first interleaving means interleaves data encoded by said modulation encoding'means. 

64. The data recording and reproducing apparatus according to claim 62 Wherein said 
modulation encoding means encodes the input data by block modulauon. 

65. The data recording and reproducing apparatus according to cl^uii 64 wherein said 
modulation decoding means includes likelihood calculating means for calculating the 
likelihood value corresponding to each output codeword^fOutput by said modulation 
encoding means; 

the posterior probability information as a sofifdecision value for an input bit to 
said modulation encoding means and an output/ok from said modulation encoding 
means being calculated using said likelihood^alue as calculated by said likelihood 
calculating means. 



/ 



66. The data recording and reproducing^apparatus according to claim 64 wherein said 
modulation decoding means effects decoding based on a trellis corresponding to said 
constraint condition. 

67. The data recording and reproducing apparatus according to claim 64 wherein said 

/ 

first interleaving means interleaves data encoded with block modulation by said 

/ 

modulation encoding mearif in terms of a modulation encoding block as a unit. 

68. The data recording and reproducing apparatus according to claim 62 wherein said 
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modulation encoding means encodes input data in accordance with said trellis 
conforming to said constraint condition; 

said modulation decoding means effects decoding based on a trellis conforming 
to said constraint condition. 

69. The data recording and reproducing apparatus according to claim 68 Wherein said 
first interleaving means interleaves data encoded by said modulation encoding means 
in terms of a modulation encoding block of said trellis as a unit. 

70. The data recording and reproducing apparatus according to^claim 56 wherein said 
modulation decoding means effects soft output decoding bas/d on the BC JR algorithm 
or on the SOVA algorithm. 

71. The data recording and reproducing apparatus according to claim 5 5 wherein data 
is recorded on said recording medium by a magnetic, optical or magneto-optical 
system. 

72. A data recording and reproducing method^for recording and reproducing data for 
a recording medium, said method comprising the steps of: 




applying predetermined modulation encoding to input data; 

interleaving the modulation-encoded data for re-arraying the data sequence; 

deinterleaving reproduced data in its sequence such as to restore the sequence 
of data bits re-arrayed by said/ step of interleaving to the bit sequence of the 
modulation-encoded data; 

modulation decoding ihe data supplied from said step of deinterleaving; and 



77 



interleaving data corresponding to a difference between data decoded in said 
step of modulation decoding and data re-arrayed in said step of deinterleaving based y 
on the same interleaving position information as that of said step of interleaving y 
modulation-encoded data. 
73; The data recording and reproducing method according to claim 72 wj&rein said 
step of modulation decoding is fed with a soft input signal and outputs a soft output 
signal. 

74. The data recording and reproducing method accordin§/fa claim -72, further 
comprising: 

filtering data supplied from said step of interleaving the modulation-encoded 
data to compensate for channel characteristics, and 
channel decoding the channel response. 

75. The data recording and reproducing method according to claim 74 wherein said 
step of channel decoding is fed with a soft input signal and effects soft output 
decoding. 

76. The data recording and reproducing method according to claim 74 wherein said 
step of channel decoding is fed with a soft input signal and effects soft output 
decoding based on a trellis corresponding to the channel response. 

77. The data recording and reproducing method according to claim 76 wherein said 
step of deinterleaving interleaves data corresponding to data between the data output 
by said step of channel decoding and data output from said step of interleaving the 
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difference data; 

decoding being iteratively performed between said step of modulation decodfhg 
and said step of channel decoding. 

78. The data recording and reproducing method according to claim 1^ further 
comprising: 

error correction encoding input data, wherein said applying modulation encodes 
data supplied from said step of error correction encoding; and 

soft decoding the error correction code of the soft inpuj^ignal corresponding 
to the soft output data obtained by said step of modulatiorr decoding as a result of 
iterative decoding. 

79. The data recording and reproducing method accon&ng to claim 72 wherein said 
step of applying encodes the input data in accordance with a constraint condition; 

said step of modulation decoding effects deeding conforming to said constraint 
condition. 

80. The data recording and reproducing m^hod according to claim 79 wherein said 
step of interleaving the modulation-encodCd data interleaves the modulation-encoded 
data so that the constraint condition is^satisfied. 

81. The data recording and reproducing method according to claim 79 wherein said 
step of applying encodes the inmft data by block modulation. 

82. The data recording and reproducing method according to claim 8 1 wherein said 
modulation decoding step includes a likelihood calculating step for calculating the 
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likelihood value corresponding to each output codeword output by said modulation 
encoding step, 

the posterior probability information as a soft decision value for an inptft bit to 
said step of applying and an output bit from said step of applying beingf calculated 
using said likelihood value as calculated by said likelihood calculating^step. 

83. The data recording and reproducing method according to claip 8 1 wherein said 
step of modulation decoding effects decoding based on a trellis corresponding to said 
constraint condition. 

84. The data recording and reproducing method according to claim 8 1 wherein said 
step of interleaving the modulation-encoded data interleaves the modulation-encoded 
data in terms of a modulation encoding block as a unit. 

85. The data recording and reproducing method according to claim 79 wherein said 
step of applying encodes input data in accordance with the trellis conforming to said 
constraint condition; 

said step of modulation decoding effects decoding based on a trellis conforming 
to said constraint condition. 

86. The data recording and reproducing method according to claim 85 wherein said 
step of interleaving the modulation/encoded data interleaves the modulation-encoded 
data in terms of a modulation encoding block of said trellis as a unit. 

87. The data recording and reproducing method according to claim 73 wherein said 
modulation decoding step «fects soft output decoding based on the BCJR algorithm 
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or on the SOVA algorithm. 
88. The data recording and reproducing method according to clami 72 wherein data 
is recorded on said recording medium by a magnetic, optical or magneto-optical 
system. 
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